We conducted an open label, randomised clinical trial to compare amphotericin B colloidal dispersion (ABCD, Amphocil) 2 mg/kg/day intravenously with fluconazole 200 mg/day orally, for the prevention of fungal disease in neutropenic patients with haematological malignancies. In the event of unresolved fever after 4 days of empirical antibacterial therapy, patients in both treatment groups were to receive ABCD, 4 mg/kg/day. However, the study had to be stopped in an early phase, due to severe side-effects of ABCD. A total of 24 patients were enrolled, 12 patients were randomly assigned to receive prophylactic ABCD, which was administered for a mean of 13.9 days. Fluconazole prophylaxis was given to 12 patients for a mean of 21.2 days. Therapeutic ABCD, 4 mg/kg, was initiated in four patients because of suspected fungal infection, all of whom had initially received fluconazole. A high rate of infusion-related toxicity of ABCD was observed. Chills occurred in 15/16 ABCD recipients (94%), accompanied by a temperature rise of у2؇C in 4/16 patients and of у1؇C but Ͻ2؇C in 10/16 patients. Other ABCD-related adverse events were hypotension (4/16), nausea with vomiting (5/16), tachycardia (7/16), headache (3/16) and dyspnoea (3/16). For premedication patients received: antihistamines (12/16), hydrocortisone (9/16) and/or morphine (6/16). ABCD was discontinued in 8/16 patients (50%) due to side-effects, which ultimately dictated early termination of the study. We conclude that ABCD is not suitable for antifungal prophylaxis in neutropenic patients due to severe infusion-related side-effects. Subject numbers were too low for conclusions on variables of antifungal efficacy. Bone Marrow Transplantation (2000) 25, 879-884.
serious complications after chemotherapeutic treatment of haematological malignancies. [1] [2] [3] In view of the poor prognosis of disseminated fungal disease, many centres administer antimycotic agents prophylactically. Fluconazole has emerged as the most widely used prophylactic agent in neutropenic patients and has been used in doses varying from 50 to 400 mg. [4] [5] [6] [7] [8] [9] [10] Its optimal dose in antifungal prophylaxis remains to be determined. 5, 6 Not only has fluconazole been found to be highly effective in eliminating colonisation and infection by Candida spp. in patients with leukaemia, 11 but interestingly, the drug has also been proven to significantly reduce the incidence of, and mortality from systemic fungal infections in BMT recipients. 4, 9 An important limitation to the use of fluconazole however, is its lack of efficacy against Aspergillus spp. Moreover, some Candida spp. other than albicans, including C. krusei and C. glabrata are less sensitive or resistant.
Amphotericin B (AmB) remains the gold standard of antifungal therapy and is attractive as a prophylactic agent because of its broad coverage of most fungal organisms. However, its use is seriously hampered by dose-limiting toxicity, with acute infusion-related toxicity and renal failure being the most important adverse effects. To circumvent toxicity, low doses of intravenous AmB have been used in antifungal prophylaxis with ambiguous results. [12] [13] [14] Lipid formulations of AmB have been designed to improve efficacy and to reduce toxicity of the parent compound, thereby allowing the possibility of administering higher doses of AmB. Amphotericin B colloidal dispersion (ABCD, Amphocil; Sequus Pharmaceuticals, Brentford, UK) is a colloidal formulation of amphotericin B complexed to cholesteryl sulphate in a 1:1 ratio, forming discshaped particles. In various open-label clinical trials, the use of ABCD showed promising results with regard to its antifungal efficacy and its safety. [15] [16] [17] [18] [19] Its assumed reduced toxicity offers the opportunity of investigating the feasibility of AmB as antifungal prophylaxis. In a recent randomised trial we reported a 100% mortality in patients with proven fungal infections due to Aspergillus or Mucor spp., the overall incidence of such infections in our population being 5%. 10 In an attempt to reduce both incidence of, and mortality from these infections, an open-label, randomised clinical trial was initiated, to compare the safety and efficacy of intravenous ABCD with oral fluconazole in the prevention of fungal disease in neutropenic patients with haematological malignancies. For the prophylactic use of ABCD we decided to administer half of the daily dose that is generally recommended for antifungal therapy. Unfortunately, due to excessive toxicity of ABCD the study had to be stopped in an early phase, after the randomisation of 24 patients.
Patients and methods

Patients
Consecutive patients, aged 18-75 years, who were to receive treatment for haematological malignancies with or without peripheral blood stem cell transplantation were enrolled. An anticipated granulocytopenic period of at least 10 days was required. Patients were excluded if they had a previous history of allergy or hypersensitivity to any lipid preparation of AmB, or to other polyene or azole antimycotic agents. Patients were considered not eligible if they had overt infection requiring treatment at entry, if they had received treatment with systemic or topical antifungal drugs within 2 weeks prior to enrolment, or if there was hepatic or renal impairment, defined as elevation of liver enzymes more than three times the upper limit of normal, or a creatinine clearance of less than 15 ml/min, respectively. The study was approved by the institutional ethical and scientific committees. Written informed consent was obtained from all patients.
Study protocol
The study was designed as a randomised, open-label clinical trial. Patients were randomly assigned to receive oncedaily prophylaxis with either fluconazole 200 mg orally, or ABCD 2 mg/kg i.v. ABCD was prepared as recommended by the manufacturer and was administered at an infusion rate of 1 mg/kg/h. No other drugs were co-administered during ABCD infusion. Premedications were not given before the first dose of ABCD. In case of infusion-related toxicity, clemastin, hydrocortisone or morphine were initiated sequentially or in combination for premedication, depending on the severity of symptoms. Study treatment was started on the first day of the chemotherapeutic regimen and was continued until neutrophil recovery (ANC Ͼ0.5 ϫ 10 9 /l) or failure of prophylaxis, defined as the necessity of initiating therapeutic ABCD, treatment interruption due to side-effects or mortality. For prevention purposes all patients received ciprofloxacin, 500 mg twice daily and azithromycin 250 mg once daily. Nasal AmB was given, 2 mg three times a day, into both nasal orifices.
Daily clinical assessments were performed, including documentation of signs and symptoms of infection and of tolerance to the study medication. The highest grade of infusion-related toxicity that occurred during the study period was recorded. Routine haematology and clinical chemistry tests were obtained three times weekly. Surveillance cultures for fungal and bacterial organisms were taken from throat and anus prior to the first dose of the study drug and, thereafter, once weekly.
When axillary temperature increased above 38.5°C, clinical evaluation was performed and empirical antibiotic therapy was initiated, as described in detail earlier. 10 Empirical treatment consisted of cefpirome 2000 mg, twice daily i.v. If subsequently, fever did not resolve within 96 h, patients in both treatment groups were to receive ABCD, 4 mg/kg once daily i.v.
Definition of infection
Fungal colonization was considered to be present if one or more surveillance culture yielded a fungus, in the absence of any clinical symptoms or signs of infection. Suspected systemic fungal infection was defined as fever, persisting after 96 h of appropriate antibacterial treatment, necessitating the use of therapeutic ABCD. Proven fungal infection was defined as a positive culture or characteristic histopathological findings on tissue biopsy specimens obtained from a normally sterile site.
Statistical analysis
Results from all patients were analysed according to the intention-to-treat principle. Categorical data were analysed by Fisher's exact test, Student's t-test was used for comparison of means. All tests were two-sided and in all cases a P value less than 0.05 was considered statistically significant. To detect significant differences between groups in the number of proven and suspected fungal infections, it was calculated that the study should include a total of 220 patients.
Results
Before the early termination of the study, 24 patients with haemato-oncological diseases were included, 12 receiving ABCD and 12 fluconazole. Patient characteristics are given in Table 1 . The two groups were comparable for sex, type of diagnosis, number of stem-cell transplants and duration of neutropenia. The ABCD group contained two patients receiving allogeneic or syngeneic stem cell transplantation. Patients in the fluconazole group were significantly older than patients in the ABCD group (P Ͻ 0.006).
Study drug administration
Prophylactic ABCD, 2 mg/kg, was administered to 12 patients for a mean of 13.9 days (range 1-27). Fluconazole prophylaxis, 200 mg/day, was given to 12 patients for a mean of 21.2 days (range . The mean number of days of prophylactic treatment differed significantly between the two groups (P = 0.033), due to withdrawals in the ABCD group. ABCD, 4 mg/kg, was initiated for suspected fungal infection in four patients, all initially receiving fluconazole prophylaxis. ABCD was administered to these patients for a mean of 2.3 days (range 1-3).
Blood chemistry
There were no clinically significant changes in haematology or clinical chemistry parameters in either group of patients as compared with baseline values. In particular, no renal toxicity was observed. In one patient receiving ABCD prophylaxis, bilirubin values increased to five times the upper limit of normal, while aminotransferases remained within the normal range. Although these abnormalities were most likely associated with veno-occlusive disease, a relation to the study-drug could not be ruled out and the patient was withdrawn from the study.
Adverse events
No patient in the fluconazole group experienced side-effects which were deemed related to the study drug. A total of 176 administrations of ABCD administered for either prophylactic (167) or therapeutic (9) reasons in 16 patients was documented. A high rate of adverse events was observed in the ABCD group, which were mainly infusionrelated (Table 2 ). Moderate to severe chills were observed in 15 (94%) of 16 patients receiving ABCD, mostly occurring within 30 min after the start of the infusion. Chills were accompanied by a temperature rise of у2°C in 4/16 patients and of 1-2°C in 10/16 patients. The mean maximal daily temperature during the first 3 days of patients receiving prophylactic study-treatment was significantly higher in the ABCD group vs the fluconazole group (Figure 1 ). Intravenous administration of morphine proved to be an effective strategy for the acute termination of rigors and chills, and had to be used for this reason in nine patients receiving the first dose of either prophylactic or therapeutic ABCD (Table 3) . In three patients pulmonary symptoms were observed. One patient experienced a tolerable but persisting shortness of breath during consecutive administrations of prophylactic ABCD. The other two patients, after receiving the first and second dose of therapeutic ABCD respectively, developed dyspnoea, accompanied by bronchospasm, reduced oxygen saturation and in one, marked cyanosis. ABCD was discontinued permanently and both patients were subsequently treated with steroids, oxygen, sympathomimetics and diuretics. A chest X-ray in one of these patients revealed diffuse interstitial oedema, which resolved completely over the ensuing days.
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Withdrawals
Two of 15 patients experiencing infusion-related toxicity were withdrawn after the administration of the first dose of ABCD. The remaining 13 patients all received premedications prior to subsequent ABCD infusions (Table 3) . These medications were used both as sequential single drug therapy and in combination. After the initiation of premedications only one patient reported complete symptomatic relief, seven patients experienced ongoing but tolerable side-effects during the study period. Symptoms in this group varied from a generalized cold feeling during ABCD infusion to mild chills. Nevertheless, one of these patients had to be withdrawn, because of elevation of liver enzymes, as outlined above. Severe and persisting infusion-related toxicity, which occurred despite premedication, necessitated discontinuation of the study-drug in five additional patients, which ultimately resulted in a total number of eight subjects withdrawn. Two of these patients were receiving ABCD for a suspected fungal infection, necessitating the continuation of antifungal therapy. For that reason ABCD was replaced by conventional AmB, 0.7 mg/kg i.v. Remarkably, during treatment with conventional AmB, combined with the same premedication as used while administering ABCD, all side-effects subsided, allowing continuation of antifungal therapy until neutrophil recovery.
Fungal infections
There were too few patients completing the study to allow meaningful comparison of the number of fungal infections and colonization data. No proven systemic fungal infections occurred in either of the treatment groups. Clinically apparent or culture documented superficial fungal infections were not observed. Suspected fungal infections occurred in four patients in the fluconazole group. Subsequently, these patients received ABCD, 4 mg/kg i.v. One patient initially receiving ABCD prophylaxis was suspected of having a fungal infection 2 weeks after she had been withdrawn from the study because of side-effects of ABCD.
Mortality
Overall two (17%) patients in the group receiving prophylactic ABCD died and no deaths occurred in the group receiving fluconazole. In neither of these deaths did a relation with the study-drug seem likely; one patient in the ABCD group died from diffuse pulmonary haemorrhage during treatment with l-asparaginase. The other patient died from respiratory failure, 3 weeks after withdrawal.
Termination of the study
A variety of strategies not integral to the protocol was used to cope with the high rate of infusion-related toxicity. Three different batches of ABCD were used to rule out quality differences of the compound. In individual cases the infusion time was sometimes prolonged for up to 4 h. However, ultimately all measures failed to increase tolerability and the study was prematurely closed, according to GCP guidelines.
Discussion
Although the use of antifungal prophylaxis in neutropenic patients, especially in low-risk autotransplant recipients, is certainly debatable, mortality from these infections remains high. Lipid formulations of AmB appear attractive as antifungal prophylaxis because these compounds are claimed to decrease toxicity, while maintaining or even enhancing therapeutic efficacy. In two randomised, placebo-controlled clinical trials, prophylactic administration of AmBisome to patients with haematological malignancies was associated with a statistically significant reduction of fungal colonization. 20, 21 Both studies, however, failed to show a significant reduction in proven fungal infections, possibly because patient samples were too small. Our randomised, open label clinical trial was designed to compare the safety and efficacy of ABCD with fluconazole in the prevention of fungal infections in neutropenic patients with haematological malignancies. However, severe and unexpected toxicity of ABCD resulted in the early withdrawal of eight patients, comprising 50% of the ABCD recipients. In all instances there was a direct and obvious correlation with the infusion of ABCD. Severe chills were observed in 96% of the patients receiving ABCD, necessitating extensive use of premedications. Three patients had pulmonary symptoms, with marked dyspnoea bronchospasm and hypoxaemia in two. Acute pulmonary toxicity is a known complication of AmB infusions and has been reported in association with its lipid formulations before, including ABCD. [22] [23] [24] We did not anticipate the occurrence of adverse events to such a large extent at the 2 mg/kg dose level. In early open-label phase I/II trials, escalating ABCD doses of up to 6 mg/kg/day were administered. 15, 16 Although the frequency of infusion-related toxicity was considerable, occurring in about 65% of patients, the rate and severity of adverse events increased substantially in patients receiving Ͼ4 mg/kg/day compared with those receiving 3-4 mg/kg/day. The maximum tolerated dose was set at 7.5 mg/kg/day. Infusion-related events were reported to be well controllable or to disappear completely, once premedication was added. Moreover, during the course of the treatment period the proportion of patients experiencing infusion-related events tended to diminish steadily. 15, 16, 18 These findings are in sharp contrast with our results. One explanation could be that both patients and treating physicians are less willing to accept moderate to severe adverse effects when administering ABCD for prophylactic reasons. However, in the present study, ABCD related toxicity was also considered intolerable in patients with suspected fungal infections, receiving a therapeutic dose of ABCD at 4 mg/kg/day. After being withdrawn from the study two of these patients received conventional AmB without appreciable toxicity. This observation is in line with data from a recent randomised double blind study, comparing ABCD (4 mg/kg/day) with conventional AmB (0.8 mg/kg/day) for the empirical treatment of fever in neutropenic patients. 24 The authors report that chills occurred more frequently in ABCD recipients than in patients receiving conventional AmB, 80% vs 65% respectively, resulting in a more frequent use of premedication by ABCD recipients.
We have no proper explanation for the high rate of infusion-related toxicity associated with ABCD, as observed in our patients. The three commercially available lipid formulations (Amphocil, AmBisome and Abelcet) seem to differ substantially with regard to their infusionrelated toxicity, probably due to major differences in molecular structure. 25 In general, the rate of acute reactions seems to be minimal for AmBisome and highest for ABCD. 25, 26 Severe and unexpected toxicity has been reported with the use of Abelcet recently. 27 The characteristics of the adverse events are very much like the wellknown toxic effects of conventional AmB, which have been shown to be associated with increasing plasma levels of TNF-, IL-1 and IL-6. 28, 29 In earlier reports, the use of ABCD is invariably labelled as 'safe'. [15] [16] [17] [18] [19] Although this may hold true with regard to its renal sparing effects, our data indicate, in line with recent observations, 24 that infusion-related toxicity of ABCD must not be underestimated and poses a major drawback to its use. We conclude that ABCD, administered for prophylactic reasons to patients without life-threatening fungal infections, was associated with major and intolerable side-effects during infusion of the compound. Therefore, ABCD appears to be unsuitable for antifungal prophylaxis in neutropenic patients.
